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TESTS OF COMPOSITE TIMBER AND CONCRETE BEAMS
I. INTRODUCTION
1. Object of Tests.-The composite timber-concrete beam is a form
of construction that has come into general use only in the last eight
or ten years. In such a member, the concrete is subjected principally
to compressive stress (it must be reinforced when under tensile stress),
and is utilized to provide a good wearing surface under traffic and a
weatherproof and fireproof cover for the timber portion of the struc-
ture. The timber, which can provide both compressive and tensile
resistance, is used mainly for the latter purpose. Thus, in a simple
beam the upper portion will consist of concrete and the lower portion
of timber.
Floors of composite timber and concrete have been used success-
fully in highway bridges, hangar aprons, wharves, piers, buildings
and platforms. Structures of this type will naturally be intermediate
in initial cost between timber structures and those of reinforced con-
crete. They are normally used where timber is easily available and
where the use does not justify the cost of reinforced concrete. Use of
composite highway bridges began at about the same time at extreme
parts of the United States, Oregon and Florida; examples are now
found in more than a dozen states and in Canada.
In a composite timber-concrete beam, one of the major design
considerations is the provision for high horizontal shearing stresses
that must exist at the junction of the two materials. The neutral sur-
face of the beam, for which the location depends upon the stiffness
and size of the two composite elements, is the locus of the maximum
shearing stresses, and in the usual design it will fall pretty near the
junction between concrete and timber. It is evident that the natural
bond of the concrete to the timber will be insufficient to resist much
horizontal shear, especially for the normal case in which creosoted
timber is used. Some mechanical device is thus needed to key the two
parts of the beam together. Several types of metallic "shear develop-
ers" have been used for transmitting the shear across the junction of
the two materials. Two groups of laboratory tests on such shear con-
nectors were made in 1933 at other universities and the results have
been published.*t The tests described here were made to secure further
information on the action of such devices.
*Baldock, R. H., and McCullough, C. B., "Loading Tests on a New Composite Type Short
Span Highway Bridge Combining Concrete and Timber in Flexure," Oregon State Highway Com-
mission, Technical Bul. 1.
tSeiler, J. F., "New Type of Composite Beam," Wood Preserving News, Vol. XI, No. 11,
p. 144, Nov. 1933. Also, see list of references in Appendix.
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Two general types of composite timber-concrete beams are in use.
In one, a concrete slab is supported on and connected with a series of
timber stringers spaced some distance apart, to produce a series of
parallel T-beams. This type is used in the Northwest, where large-
dimensioned timbers are in common use. The other consists of a con-
crete slab placed on a continuous laminated deck made up of small-
dimensioned timbers placed on edge. Such construction is suited to
areas where large timbers are not economically available, and has the
advantage that the solid deck provides a complete formwork for
the concrete slab. The tests herein described apply to this second
type of floor.
Obviously, this form of construction is intended principally for
floors subjected t6 heavy loads, as in highway bridges, wharves, piers,
and warehouses. It is not fireproof, although the concrete surfacing
will reduce the fire hazard.
2. Acknowledgment.-The tests described herein were carried on as
a part of the regular research work of the Engineering Experiment
Station of the University of Illinois, under the administrative direc-
tion of DEAN M. L. ENGER, Director of the Engineering Experiment
Station, and PROFESSOR F. B. SEELY, Head of the Department of
Theoretical and Applied Mechanics. Especial acknowledgment is
made to the American Creosoting Company, Louisville, Kentucky,
who cooperated in the tests by furnishing the creosoted timber used,
and also gave valuable suggestions in the planning of the tests.
Acknowledgment is also made to MESSRS. R. R. PENMAN and E. J.
WARD, Research Graduate Assistants, who helped to carry out the tests.
3. Outline of Tests.-These tests were planned in 1933 after a
study had been made of the tests conducted at Oregon State College*
and George Washington University,* but were not carried out until
1938-42. While bridge floors employing this type of construction are
essentially slabs rather than beams, the test pieces were made as
simple as possible and the tests were confined to beams of simple
spans, with one-third point loadings.
Since a major feature of the test was to compare the effectiveness
of a number of devices used as shear developers, most of the tests
(beams of types 0 to 11) were made when the concrete had reached
the conventional age of 28 days, and the beams were loaded fairly
rapidly to failure. To study the possible effects of shrinkage of both
the concrete and the timber for a longer period after fabrication, a
*See previous footnote.
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TABLE 1
OUTLINE OF COMPOSITE BEAM TESTS
All beams were 12 ft. long, 12 in. deep, and 11 1 , in. wide, tested on a 10-ft. span with two con-
centrated loads at the one-third points of span. All timber was dense shortleaf yellow pine, structural
grade, square edge and sound, S4S, with about 8 lb. of creosote oil per cubic foot. There were two
companion beams of each type. Beams were cured moist 7 days after concrete was poured, then stored
in air until 28 days old. All but beams 13, 14, and 15 were tested at this age; these three types were
tested at the age of 2 years, 6 months. Average concrete strength, beams 0-11, 4300 lb. per sq. in.
Beam
No.
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Kind of Shear Connection
None .......... ......... ..................... ...... .
Triangular plates, 4 in. x 12 gage, vertical . . . . . . . . . . . . . . . . . . . . . . . ..
Triangular plates, 4 in. x 1 in., vertical ............................
Triangular plates, 4 in. x Y in., vertical ............................
Triangular plates, 4 in. x Y in., 15 deg. with vertical ........ . . . . . ..
Triangular plates, 4 in. x 1/ in., vertical, ......................... .
and 60-d. spikes..................... .........................
R. R. cut spikes, 6V in. x % in., vertical ...........................
R. R. cut spikes, 6V in. x Vs in., 45 deg. incl ........................
Sloped daps, 1 in. x 6 in................ .......... .. ............
Sloped daps, 1 in. x 6 in...........................................
and 60-d. spikes.................................. ............
Lag screws, 6 in. x Y in., vertical, 3 4  in. in wood ...................
Lag screws, 8 in. x l in., 45 deg. incl., 414 in. in wood ...............
Triangular plates, 4 in. x 12 gage, vertical, ........................ . .
and 60-d. spikes......................... . ................... .
Triangular plates, 4 in. x M in., vertical ............................
and 60-d. spikes................... ...........................
Triangular plates, 4 in. x Y in., vertical,. . . . . . . . .............. . . . .
and 60-d. spikes..................... .. ......... . ............
Triangular plates, 4 in. x 12 gage, vertical,. ........................ .
and 60-d. spikes .................... ..........................
Spacing of
Shear Connection
None
3 rows at 4 in.
3 rows at 4 in.
3 rows at 4 in.
3 rows at 4 in.
3 rows at 4 in.
4 rows at 4 in.
5 rows at 5 in.
5 rows at 9 in.
4 rows at 8 in.
4 rows at 8 in.
4 rows at 4 in.
5 rows at 6 in.
5 rows at 9 in.
3 rows at 4 in.
4 rows at 4 in.
3 rows at 4 in.
4 rows at 4 in.
3 rows at 4 in.
4 rows at 4 in.
3 rows at 4 in.
4 rows at 4 in.
group of six beams (types 12, 13, and 14) was made and stored in the
laboratory for about two years and six months. During this time
observations were taken of the shrinkage of both materials in the
beams and of any tendency toward separation of the two beam ele-
ments; the beams were then tested to failure. To study the effect of
repeated traffic loads, another pair of beams (type 15) was tested
under repetitive loading.
From the results of the previous laboratory tests and from some
preliminary tests noted in Section 7, an estimate was made of the
unit value of each type of shear connector, and these values were
used in determining the spacing of each type of shear unit in the test
beams. This was done to utilize to the best advantage the strength
of timber and concrete, and to produce a series of beams of com-
parable strengths.
Table 1 gives an outline of the series of test beams, with details of
the shear connectors used. The details of the various beams are also
shown in Fig. 1. In general, the beams were 112 in. wide, 12 in. deep,
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and 12 ft. long, tested on a 10-ft. span with equal concentrated loads
at the one-third points of the span. The timber portion of each beam
consisted of four 2 by 8 and three 2 by 6 pieces, spiked together with
30-d. spikes as shown, and further tied together by %-in. bolts at the
supports and load points. Beam 0 contained no shear connections,
and was included in the series to furnish information on the shear to
be developed by bond between the timber and concrete. The shear
connectors used in beams 1 to 5 were triangular steel plates, approxi-
mately equilateral triangles, with 4-in. side dimensions. The plates in
beam 1 were of 12 gage (0.107 in. thick), those in beams 2, 4, and 5
were Y4 in. thick, and those in beam 3 were % in. thick. In beams
1 to 3, the plates were driven into grooves sawed in the planks at
90 deg. to the axis of the beam. In beam 4, the plates were inclined
15 deg. to the vertical, with the upper ends inclined toward midspan.
In beam 5, the vertical plates were supplemented by four rows of 60-d.
spikes, which were added as tension ties, for the purpose of holding
the concrete and timber surfaces in close contact. Such ties were in-
cluded in the design, not for their small addition to the shearing
strength, but to hold the elements of the beam together under the
action of drying and shrinkage of the materials and of impact and
repeated loads.
In beams 6 and 7, railroad cut spikes were used. They combine
the actions of a dowel and a tension tie. They were set vertically in
beam 6 and at a 45 deg. inclination in beam 7. The use of the inclined
spikes was the result of preliminary tests described in Section 7.
Beams 10 and 11 were similar to beams 6 and 7, except that, in-
stead of the railroad spikes, 6 by %-in. lag screws were used in beam
10, and 8 by %-in. lag screws in beam 11 at the 45 deg. inclination.
Beams 12 and 15 were identical with beam 1, beam 13 with beam
2 and beam 14 with beam 3, except that 60-d. spikes were added, as
in beam 5.
II. FABRICATION AND TESTING OF BEAMS
4. Materials.-The timber used in all of the beams was from a
single shipment of dense shortleaf yellow pine, of structural grade,
square edge and sound, surfaced on all sides and impregnated with
about 8 lb. of creosote oil per cubic foot. The pieces, nominally 2 by
6 and 2 by 8 in., were free from any noticeable knots, checks or shakes.
For determining the physical properties of the timber as received,
a test was made on laminated beams consisting of four pieces of 2 by
6-in. timber, placed on edge and well spiked together, loaded at the
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one-third points of a 10-ft. span. The load-deflection curve from these
tests was found to be a straight line up to half of the ultimate load;
the computed modulus of elasticity averaged 2 050 000 lb. per sq. in.,
and the modulus of rupture of the material was found to be 8170 lb.
per sq. in.
Similar tests were made on timbers which had dried out in the
laboratory for three years and thus were comparable in age with the
timber used in beams 12-15. They were intended to indicate the
properties of the material used in the later group of composite beams
at the time of their final testing to destruction. From these tests, the
properties of the creosoted timber, after more than three years of
drying in the laboratory, were as follows: modulus of elasticity,
2 250 000 lb. per sq. in., modulus of rupture, 7970 lb. per sq. in.
The concrete used was of 1:3%:4 proportions, by weight. The
water-cement ratio was 1.0, by volume, and the average slump for all
batches of concrete averaged 6.5 inches. The concrete materials were
Medusa portland cement, Wabash River torpedo sand, and gravel of
% in. maximum size from the same source. The materials were mixed
for two minutes in a batch mixer. The average strength of 6 by 12-in.
control cylinders made from the concrete used in beams 1-11, after 7
days of moist curing under wet burlap and 21 days storage in the air
of the laboratory, was 4300 lb. per sq. in. The cylinders made with
beams 12-14, tested when 2% years old, had a strength of 4360 lb.
per sq. in., while the 28-day cylinders for beam 15 had an average
strength of 5125 lb. per sq. in.
The metal shear connections used were apparently of a medium
strength of steel, except the 60-d. wire spikes which were of high
tensile strength. It was difficult to test the material in these various
units, because of their small dimensions, but small tension specimens
were machined from several of them. They were too small to permit
strain measurements, and the yield point could not be detected in the
tests, but the following tensile strengths observed should give some
idea of the quality of the steel used.
Unit .Ultimate Tensile StressUnit lb. per sq. in.
12-gage plate.................... 52 700
1/ -in. plate..................... 66 300
Railroad cut spike ............... 57 800
% by 6-in. lag screw ............. 71 500
5% by 8-in. lag screw ............. 60 300
60-d. wire spike ............... . 110 600
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FIG. 2. VIEWS OF TIMBER BEAMS AND SHEAR DEVELOPERS BEFORE CONCRETING
5. Fabrication and Preparation of Beams.-In fabricating the
beams, the creosoted 2 by 6 and 2 by 8-in. stringers were first as-
sembled and spiked together thoroughly. The shear connections were
then inserted in the built-up timber section. In the case of the tri-
angular plates, slots had been sawed in the 2 by 8-in. timbers before
they were assembled to provide seats about 12 in. narrower than the
thickness of plate. A pilot hole was also drilled in the top of the 2 by
6-in. timbers, to prevent splitting by the point of the triangular plate.
The plates were then driven firmly into the seats in the assembled
timber, with the top of the plate projecting % in. above the timber.
The 60-d. spikes used in several beams were driven into pilot holes
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/16 in. less in diameter than that of the spikes. These spikes were
placed only in the 2 by 8-in. timbers, and were left projecting 3 in.
above the top of the timber.
The railroad spikes used in beams 6 and 7 were standard 5% by
%-in. cut spikes, 6 in. long overall. They were driven in all but the
two outer timbers of the composite section, utilizing pilot holes of
%-in. diameter in the timbers. The spikes in beam 6 were vertical,
and were left projecting 2% in. above the timber surfaces. In beam
7, the spikes were driven at 45 deg. to the axis of the beam, hence the
projecting portions reached only about 2 in. vertically above the
timber surfaces. In both cases the spikes were driven solidly into place.
In beams 8 and 9, the inclined daps in the timbers were cut by use
of saw and draw-knife (see Fig. 2). The daps were spaced at 8 in.,
with vertical faces of 1 inch, thus providing a theoretical ratio of
horizontal shearing stress to bearing stress of %.
In beams 10 and 11, %-in. lag screws were started in %-in. pilot
holes, and driven by wrench to a penetration of % in. beyond the depth
of the pilot hole. The lag screws in both beams were left projecting
about 2% in. vertically above the timber surfaces.
In all cases the shear developers were placed in staggered rows, to
reduce the concentration of shearing and bearing stresses; they were
also confined to the nominal zones of maximum shear, between the
load points and beam supports. Views of several beams with shear
connections in place and ready for concreting are shown in Fig. 2.
Forms for the concrete portion of each beam were made by clamp-
ing 2 by 8-in. planks to the sides of the built-up timber unit and
projecting 4% in. above it, and adding end forms. The concrete was
deposited in these forms and worked into place by use of a small
"Viber" internal vibrator. Small steel bars and plates, to be used in
measurements of strains, slips, and deflections, were embedded in the
concrete when the beams were poured.
The beams were cured under moist burlap for 7 days after the con-
crete was placed, then (in the cases of beams 0 to 11, and 15) they
were exposed to the air of the laboratory for 21 days more before
they were tested. Beams 12, 13, and 14 were given the 7-day moist
curing, followed by continued exposure to the laboratory air for 2
years and 6 months, before they were tested.
6. Test Procedure.-The beams were tested to failure in an Olsen
testing machine of 300 000-lb. capacity. Figure 3 shows a beam in
the machine, supported on a 10-ft. span. Steel bearing plates, bedded
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FIG. 3. VIEW OF COMPOSITE BEAM IN TESTING MACHINE
with a short strip of leather belting, were used between the beam and
the loading plates.
Strains were measured on eight 10-in. gage lines at midspan,
located at the top and bottom surfaces of the beam, and at levels just
above and below the junction between the timber and concrete por-
tions of the beam.
Measurements of slip or horizontal displacement between concrete
and timber sections were taken at points directly over the supports, as
indicated by the micrometer dials shown at the side of the beam
in Fig. 3.
A third measurement taken was the deflection of the beam at mid-
span. This was measured by means of a micrometer dial attached at
each side of the beam and in contact with 1 by 4-in. wooden strips
bridging between the beam supports. One of these deflectometer strips
is seen beside the bottom section of the beam in Fig. 3.
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Generally, loads were applied in 15 to 20 increments, and a com-
plete set of strains, slips, and deflections was taken at each load
increment.
The strains were measured by use of a Whittemore strain gage
which indicated directly a strain of 0.00001 in. per in. The deflections
of the beam and the horizontal slips over the support were measured
by micrometer dials reading directly to 0.001 in. On all of these,
measurements could be duplicated readily, and tenths of dial divisions
were estimated.
III. RESULTS OF TESTS
7. Preliminary Tests.-In addition to the auxiliary tests on timber
and concrete, from which the properties given in Section 4 were
obtained, two small groups of preliminary tests provided interesting
information.
(a) Push-out Shear Tests on Effectiveness of Lag Screws.-This
test was made before the creosoted lumber was available, and was in-
tended to show the effectiveness of steel connections like lag screws
or spikes, when placed at different angles of inclination across the
joint. The test pieces were of the "push-out" type, consisting of a
concrete prism 31 in. square and 8 in. long, cast between two pieces
of 2 by 4-in. Douglas fir, S4S, and anchored thereto by two 4 by 3/-in.
lag screws embedded in each piece of wood. The lag screws were placed
in ¼-in. drilled pilot holes and screwed in by hand. They were placed
at three inclinations to the shearing plane; A, 45 deg.; B, 90 deg. and
C, 135 deg., as shown in Fig. 4. Embedment of the lag screws in wood
was to the middle of the 4-in. shank. During the test, there was no
external tie of any kind to hold the timber and concrete surfaces
together so as to produce frictional resistance.
Load-slip curves for the three types of test piece are shown in Fig.
4. The relative strengths and rigidities of the three types are as fol-
lows, considering type B as the basis of comparison.
Angle of In- Maximum Load Relative Ulti- Relative Slip atType clination, deg. lb. mate Strength Ultimate Load
A 45 10 160 160 48
B 90 6 350 100 100
C 135 3 475 55 51
Evidently the test piece of type A, in which the lag screw acts in
tension as well as in shear and bending, is 60 per cent stronger than
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slip
FIG. 4. LOAD-SLIP CURVES SHOWING EFFECT OF INCLINATION OF
LAG SCREWS AS SHEAR CONNECTIONS
type B, in which the lag screw is at 90 deg. to the shearing plane. The
action of the inclined lag screw in tension is to pull the two adjoining
surfaces together, thus developing normal pressure and frictional resis-
tance to slipping. This action might be expected from a consideration
of the behavior of an inclined stirrup in a reinforced concrete beam.
While these tests are too few to be conclusive, they indicate an
advantage in inclining shear members of the anchor or tension type,
with the inclination in the direction to be used with an inclined stirrup
or bent bar in a reinforced concrete beam.
(b) Push-out Shear Tests, with Creosoted Timber.-These tests
were made to give some early information regarding the bond of the
concrete to the creosoted timber. Figure 5 shows the details of these
test pieces. They were made of alternate strips of 2 by 6-in. and 2 by
8-in. material, 24 in. long, with a section of concrete included between
them. Two specimens were made without shear connections, while the
third contained four 1/-in. triangular plates of the type used in
beam No. 2. To hold the concrete and timber surfaces in contact, 1
by 6-in. battens were nailed across the faces of the specimen at top
and bottom. In the test, load was applied to the concrete portion and
it was pushed downward between the two timber portions.
I
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FIG. 5. DETAILS OF PUSH-OUT TEST SPECIMENS, WITH
TRIANGULAR PLATE SHEAR CONNECTIONS
Specimens 1 and 2, without shear developers, developed a negligible
bond stress. The maximum computed bond developed was less than
2 lb. per sq. in. in one specimen and less than 5 lb. per sq. in. in the
other. Of course, the conditions of normal pressure between concrete
and timber in these specimens was uncertain, but the indications are
that with surfaced and creosoted lumber little dependence should be
placed on the bond with the concrete. The tests of beam No. 12 also
have a bearing on this question.
Specimen 3, in which four triangular plates resisted the movement
of the concrete section, failed at a maximum load of 24 600 lb. This
indicates a maximum carrying capacity per plate of 6 150 lb.
8. Results of Tests of Beams Loaded Rapidly to Failure (Nos. 0
to 11).-Values of strains, slips and deflections for the twelve pairs of
beams tested rapidly to failure are presented in graphic form in Figs.
6 to 11. The detailed description which follows is intended to empha-
size the individual characteristics of each type of beam. In all cases,
the curves represent the average of two observations, one taken on
each side of the beam.
Beams 0-A and 0-B.-These beams contained no shear developers
between the concrete and timber portions of the beam. As might be
expected, the deflections, slips, and deformations measured are very
different from any of the others shown. The load-deflection curves of
Fig. 6 for both beams show a decided break and change of direction at
20 ILLINOIS ENGINEERING EXPERIMENT STATION
eflerection /n Inches End S/ip /in nches Deforma//on in in2per k.
at a/d-span k Ni//ion/hs
FIG. 6. CURVES SHOWING RELATION BETWEEN LOADS AND DEFLECTIONS,
END SLIPS AND DEFORMATIONS, BEAMS 0 AND 1
'S. I
TESTS OF COMPOSITE TIMBER AND CONCRETE BEAMS
a load of about 15 000 lb., where it is evident that the bond between
the two materials had given way. The end slip curves also show that
large slipping had begun at a load of 15 000 lb., and beyond this load
the slips increased very rapidly, reaching 0.25 to 0.30 inches at a load
of 40 000 lb. The rather constant direction of the deflection and slip
curves above 15 000 lb. indicates independent beam action in the
concrete and in the timber. This is also indicated by the deformation
measurements, which show a large tensile stress in the concrete and
compression in the timber at points near the junction of the two
materials. Each composite beam thus became two separate beams for
which the only thing in common was the deflection curve. Both beams
failed in the same manner. The concrete started cracking under the
load points at about 20 000 lb. load, and beyond this point the con-
crete had very little effect. At the ultimate load for both beams the
timber failed in tension. At this stage the beam consisted essentially
of a timber beam with a layer of cracked concrete sections resting on
it. The latter evidently distributed the load considerably. The aver-
age load carried was 50 025 lb., which seems rather high in comparison
with the composite beams tested. However, it should be kept in mind
that the deflections in these beams were exceedingly large, and that the
maximum load was developed only after the beams were badly dis-
torted from the original shape.
Beams 1-A and 1-B.-These beams were made with 12-gage tri-
angular plates as shear connections. Figure 6 shows the load-deflection
curves, the load-slip curves, and the load-strain curves for these
beams. The load-deflection curves for the two beams are practically
alike at the lower loads, indicating about equal stiffness of the two
beams. Beam 1-B shows considerably more curvature at higher loads,
but this is principally due to the fact that the deflection readings on
beam 1-A were discontinued before the final load was reached. These
load-deflection curves show a fairly uniform rate of deflection at loads
below about three-quarters of the ultimate load.
The end slips measured on beam 1-A were practically the same at
the two ends of the beam. In beam 1-B a considerably greater slip
was measured at the left end of the beam, and the slips in this beam
in general were considerably greater than those in beam 1-A. No
reason is known for this larger amount of slip, but the resistance of
the shear developers was evidently inferior in the second beam.
The load-strain curves for both beams are nearly straight lines.
The strains at the four levels in these beams are of interest. The
strain at the extreme fiber in the timber is the largest, and the strains
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near the junction between concrete and steel are very small. As a
matter of fact, the concrete stress near the junction was tension up to
about half the ultimate load in both beams. However, the stress was
so small that it is negligible and at the higher loads it changes to a
very small compression. A study of these strains indicates that there
were actually two neutral axes in these beams, and this is character-
istic for most of these composite beams. This is an obvious result of
a small amount of horizontal slip between the concrete and timber. If
there were no shear connections it is obvious that the two elements
of the beam would act as two separate parallel beams, each having a
neutral axis. A small amount of slip between the two is reflected in
the strain readings. This matter will be discussed more fully in
Section 14.
The failure in beam 1-A was a sudden tension failure in the timber
at a load of 76 250 lb. The failure in beam 1-B was due to shearing
of concrete along the top of shear developers, at the left end only, at a
load of 61 850 lb. In this beam a snapping sound was heard in the
timber at a load of 50 000 lb. However, there was no apparent failure
later in the timber. Near ultimate load, cracks appeared in the con-
crete, sloping upward at about 45 deg. toward the center of the beam.
Beams 2-A and 2-B.-The load-deflection curves of Fig. 7 for these
two beams are quite similar to those for beams of type 1, and the stiff-
ness is, if anything, slightly greater than for those of type 1.
The end slips for each beam were nearly equal at the two ends,
except that in Beam 2-A the slip at the right end was slightly larger.
The slips, however, are definitely smaller than those for the beams of
type 1. Apparently this would indicate somewhat greater effectiveness
of the one-quarter inch triangular plates used in these beams as com-
pared with the 12-gage plates used in the beams of type 1.
The load-deformation curves for the two beams agree closely,
being almost straight lines practically up to failure. Here again the
strains near the junction of the concrete and timber are very small.
Failure in beam 2-A was evidently started by a tension break in
two timbers at the bottom of the beam, quickly followed by a failure
in the concrete at the right end of the beam where the concrete sheared
off horizontally along the tops of the shear developers at a load of
64 900 lb. The failure in beam 2-B was also produced by shearing of
the concrete above the tops of the shear developers at a load of
60 000 lb.
Beams 3-A and 3-B.-The load-deflection curves of Fig. 7 show
about the same amount of curvature as noted in previous tests. The
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amount of deflection also agrees fairly well with that found in beams
of type 1. The stiffness of these beams averages slightly greater than
that of beams of types 1 and 2, indicating a very small increase in
stiffness due to the use of the three-eighth-inch triangular plate shear
developers in these beams as compared with the thinner plates used in
the beams previously mentioned.
There is a distinct difference in the end slip curves for beams 3-A
and 3-B. The end slip at a 60 000-lb. load was about 0.025 in. in
beam 3-A and averaged about 0.034 in. in beam 3-B. In the latter
beam, however, the slips were fairly small until a load of around
45 000 lb. was reached, when the rate of slip increased rapidly.
The load-strain curves for these beams are similar to those for the
preceding beams, except that the strains near the junction of concrete
and timber are somewhat larger than those noted before, and the
strain curves at the higher loads in beam 3-B show considerable cur-
vature, evidently affected by the large end slips which took place
in this beam.
In beam 3-A there was a small tension failure in one of the timber
laminations at a load of 50 000 lb. The ultimate failure occurred at
a load of 64 000 lb. The concrete showed evidence of shearing off
along the tops of the shear developers. In beam 3-B, cracks in the
concrete appeared at a load of 62 000 lb. These cracks sloped upward
toward midspan, and the final failure in the concrete was a compres-
sion failure at the left end of the beam at a load of 70 950 lb. While
snapping sounds were heard in the timber at about 65 000 lb. load,
there was no other evidence of failure in the timber.
Beams 4-A and 4-B.-In these beams 1/4 -in. shear developers were
used but with the upper ends sloped inward 15 deg. toward midspan.
The load-deflection curves, as seen in Fig. 8, are quite similar to those
for beams of type 1, but the average stiffness as indicated by the
slope of the load-deflection curves is slightly less than that for the
beams of type 1. Both of these curves show a marked break near the
ultimate load, and these ultimate loads are considerably smaller than
those of the preceding beams.
The end-slip curves for both beams show fairly uniform slips at .
the two ends, but the slips for beam 4-A are very much greater than
those for beam 4-B. There is no obvious explanation for this large
difference, except that for some reason the shear developers in beam
4-B were much more effective. Possibly they were anchored better in
the timber, or the bearing resistance of either the timber or the con-
crete was decidedly superior in beam 4-B.
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The load-strain curves for the two beams are quite typical, except
that a sudden change was noted in the curves for beam 4-A near the
maximum load. This sudden break in the strains indicates a decided
slip, and this is borne out by the large values of slip readings which
were recorded.
It is evident that the failure of these two beams was a horizontal
shearing failure of the concrete just above the shear developers. Thus,
the failure should be attributed not to the shear developers but to the
concrete above them. A somewhat different design of the shear con-
nections in which they would extend further up into the concrete
might be helpful. Beam 4-A failed at the left end at a load of 47 600
lb., and beam 4-B failed at the same end of the beam at a load of
53 000 lb.
Beams 5-A and 5-B.-These beams were made with a combination
of the quarter-inch triangular plate shear developers and 60-d. spikes.
The deflection curves of Fig. 8 for these beams are very straight up to
a load of about 50 000 lb. The deflections are just slightly greater
than those observed for beams 2-A and 2-B, which are of the same
design except for the 60-d. spikes. The slips in both of these beams
are smaller than in most of the other beams tested. Even at a load
of 70 000 lb. the slips were only 0.0125 to 0.015 inches. The load-
deformation curves for beam 5-B show a considerably greater curva-
ture at the higher loads than those for beam 5-A.
The failure in beam 5-A was by compression in the concrete at a
load of 80 225 lb. A section of concrete was thrust upward just out-
side of the right load point at a load of about 70 000 lb. A crack also
appeared along the top of the shear developers. In beam 5-B the
concrete and timber failed simultaneously at a load of 70 000 lb.
Beams 6-A and 6-B.-These beams employed 5/-in. railroad cut
spikes placed at right angles to the axis of the beam as shear devel-
opers. These beams showed about the same deflection characteristics
as beams 5-A and 5-B, but the end slips were very much greater (see
Fig. 9). The average end slips for these beams at a load of 50 000
lb. were 0.036 in., which is much more than that for any of the pre-
ceding beams tested. The large slips might be explained by crushing
of the timber next to the spikes, since the bearing area with this type
of shear developer is very small.
The failure of both of these beams occurred at about the same load.
Beam 6-A failed by compression in the concrete near the load point at
a load of 77 900 lb. Beam 6-B failed in tension in the timber at a
load of 75 850 lb.
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Beams 7-A and 7-B.-These beams also employed railroad cut
spikes as shear developers, but the spikes were placed at an angle of
45 deg., inclined upward away from the center of the beam. The initial
stiffnesses of these beams were very nearly the same as those of
beams 6-A and 6-B, but at the higher loads the deflections increased
rather rapidly (see Fig. 9). This was apparently due to a very large
end slip which took place in these beams. This slip increased rather
rapidly above a load of 40 000 lb. per sq. in., and the average slip at
a load of 50 000 lb. was approximately 0.062 inches. This is more
than three times as much slip as is generally found with the triangular
plate shear developers. These beams were so arranged that the spike
shear units were in a position to take tension. The large slip would
indicate that the spikes tended to pull out of the timber.
The failure of beam 7-A was due to tension in the timber between
the load points. Beam 7-B failed by compression in the concrete near
the right support, followed immediately by a shear failure in the
timber. The maximum load carried by these beams is considerably
less than that developed with the spikes in a vertical position, but it
will be noted that the unit shear carried by these inclined spikes is
greater per spike than for similar spikes placed in a vertical position.
Beams 8-A and 8-B.-These beams contained no metal shear de-
velopers and reliance for shear transfer was placed entirely on saw-
tooth daps cut into the timber. These daps were 1 in. deep and 6 in.
long, and were cut only in the upper face of the 2-in. by 8-in. timbers.
The stiffness of these beams was less than for any of the other beams
with shear developers, as indicated by the slopes of the deflection
curves of Fig. 10. The slips measured at the ends of the beam were
also very large from the beginning, the average slip at a load of
50 000 lb. being roughly 0.068 inches. The maximum load carried was
also relatively low, the average load being 51 960 lb. In beam 8-A
the timber failed in tension, while beam 8-B failed by shearing off the
concrete projections which were formed in the timber daps.
Beams 9-A and 9-B.-The shear developers used in these beams
consisted of daps such as those used in the preceding group, together
with 60-d. wire spikes used to prevent uplift or separation of the con-
crete portion of the beam from the timber section. The load-deflection
curves of Fig. 10 show much better stiffness in these beams in which
the spikes were used than in those of type 8. The end slips measured
in these beams were very much less than those measured in beams
8-A and 8-B, the average slip at a load of 50 000 lb. per sq. in. being
only about one-sixth as great as in the preceding group. The maxi-
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mum loads carried were also considerably better than those for the
beams having daps only. Beam 9-A failed in tension in the timber at
a load of 64 850 lb. In beam 9-B two of the timbers failed in tension,
and at about the same time some of the timber forming the daps
sheared off. It may also be noted that the concrete failed by crushing
in the daps at one end of the beam at the maximum load of 61 100 lb.
Beams 10-A and 10-B.-The shear developers in these beams were
6%-in. lag screws set vertically. The load-deflection curves of Fig. 11
for these beams indicate relatively low stiffness, and there was evi-
dently a local failure in beam 10-A at a load of 45 000 lb. as indicated
by slip and deformation measurements. The end slips in both of these
beams were rather large and were comparable to those in beams of
types 7 and 8, which showed the greatest slips of any of the beams
tested. It would appear that the lag screws produced rather high
bearing stresses in the timber, and this may have accounted for the
large slips. Both beams failed by tension at an average load of
62 125 lb.
Beams 11-A and 11-B.-In these beams the lag screws used as
shear developers were 8% in. and were inclined at 45 deg., sloping
upward and away from the center of the beam. These lag screws were
placed as inclined stirrups would be in a reinforced concrete beam, and
it was expected that their anchorage in the timber would be much
better than that of the cut spikes used in beams of type 7. The load-
deflection curves of Fig. 11 indicate a somewhat greater stiffness in
these beams than in those of type 10, and the end slips measured were
about three-fifths as great as those in type 10, although the slips were
still considerably larger than those found in beams of type 1 to 5
inclusive. Beam 11-A failed by tension in the timber, while beam 11-B
failed by compression in the concrete between the load points. The
average load carried by the two beams was 71 815 lb.
9. Results of Tests of Beams Two and One-Half Years Old (Nos.
12 to 14).-Six beams, of types 12, 13, and 14, corresponding to types
1, 2, and 3, but with the addition of one and one-third 60-d. spikes per
shear developer, were made and stored in the laboratory for two and
one-half years before they were tested to failure. During this period
of storage the beams were supported on a 10-ft. span, and were thus
subject to flexure due to their own dead load. Readings of strain at
midspan were taken on gage lines similar to those used in beams 0 to
11, at intervals during the storage period to note the effect of shrink-
age, flow, or temperature.
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In general, the six beams behaved in much the same way. The con-
crete at the top of the beam, in compression due to dead load, exhibited
a fairly steady increase in shrinkage, or compressive strain, during the
first year, this reaching values of 0.0003 to 0.0004 in. per in. At the
end of 2% years, these strains, on the average, were about 0.0004.
The timber at the bottom of the beam showed expansion, or ten-
sile strain, reaching a maximum of 0.0001 to 0.00025 after about 6
months, then decreasing to zero or even to a compressive value by the
end of the first year. Since the storage was started in February, the
6-month observations were taken in mid-summer, and the expansion
may have been due to the increased humidity and temperature at this
season. Observations were not taken during the following summer,
but those taken at the time of test in the third summer of storage bear
out the assumption of expansion due to the increase in humidity.
While the volume change of concrete is also responsive to changes in
humidity and temperature, the concrete strains did not exhibit this
seasonal variation to any significant degree. After 2% years of stor-
age, the strains in the timber at the bottom of the beam were very
close to zero, ranging from a slight contraction to a slight expansion.
The gage lines on concrete and timber near the plane of separa-
tion of the two materials generally showed about the same strains, a
shrinkage or contraction of 0.0001 to 0.0002 at the end of a year, and
0.0001 to 0.0003 at the end of 2% years. There was little evidence of
strain differences near the neutral axis where they would tend to pro-
duce slip between the timber and concrete, and no indication of any
vertical separation between the two materials.
The strains developed during this 2% years of indoor storage ap-
parently had no effect upon the operation of the shear connections and,
as judged from the tests to failure, probably had no effect on the
carrying capacity of the beams.
Beams 12-A and 12-B.-These beams contained 12-gage triangular
plates and 60-d. spikes. During the storage period beam 12-B was
damaged by being knocked off its supports and at one end the concrete
section was knocked loose for a distance of about a foot. For this
reason this beam was not tested with the usual loading at the one-third
points of the span. Instead, a single load was applied at the one-third
point nearest the undamaged end of the beam. Thus, the shear at the
loaded end was twice that at the damaged end. It was hoped by this
means to get useful data from the undamaged portion of the beam.
For a given total load P, the strains and deflection at midspan should
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be alike for the two loadings, while the shear with the single load
should be one-third greater than for the two-point load.
Beam 12-A developed very small end slips and deflections through-
out the test. It failed at a maximum load of 65 000 lb., by a diagonal
splitting failure in the timber near one support, away from the section
of maximum moment. This resulted in a secondary cracking in the
concrete above the timber failure.
Beam 12-B carried a single concentrated load of 53 500 lb. This is
listed in Table 2 as equivalent to 71 320 lb. applied at two points, in
producing shear. The end slips measured were considerably larger
than for beam 12-A, hence it was felt that the slips and deflections
measured were not very reliable. The strains at midspan, however,
were comparable for the two beams. Failure was by splitting in the
timber below the load point.
Beams 13-A and 13-B.-These beams were like those of type 12
except that the triangular plates were % in. thick. These beams had
very small end slips and were the stiffest beams tested. Beam 13-A
failed by crushing of the concrete between the load points at a load
of 68 000 lb. and beam 13-B failed similarly at a load of 70 200 lb.
Beams 14-A and 14-B.-These beams contained %-in. plates and
spikes. They were also very stiff and developed small end slips. Beam
14-A failed by cracking and crushing in the concrete at a load of
70 000 lb.; beam 14-B failed by a peculiar diagonal crack in the
concrete near one end.
Values of strain, end slips, and deformations for the three pairs of
beams are presented in Figs. 12 and 13. In general, all of these are
among the lowest, for any given load, for all of the beams tested,
indicating a high stiffness and a high degree of integral beam action.
Evidently the age of these beams had little effect on the strength.
The strength of the concrete control specimens is almost identical with
that for the 28-day cylinders of the earlier group, and there was very
little difference in the flexural strength of the timber specimens tested
at the two ages. The modulus of elasticity of the concrete at the 21
year age was considerably less than that at 28 days, while that of the
timber was about 10 per cent greater at 2% years than at 28 days.
The stiffness of the composite members, however, was slightly greater
at the 2% year age.
10. Results of Repeated Loading Tests (Beam No. 15).-Beams
15-A and 15-B were made and tested after the completion of the 2%
year series, using the same concrete mixture, but a new lot of mate-
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rials. In beam 15-A, made with the original water-cement ratio, the
concrete had a %-in. slump and was difficult to place, so in making
beam 15-B, the water was increased to produce a 6-in slump. Even
with this increase in nominal water-cement ratio, the cylinder
strengths given in Table 2 are higher than the average for beams 1
to 12. The beams were given the same curing treatment as used with
beams 0 to 11.
The test procedure for these beams was intended to indicate the
effect of repetition of traffic loads on a bridge floor in service. Loads
were applied in increments up to 20 000 lb., then this load was re-
leased and reapplied fifty times. This load corresponds roughly to the
design load that such beams would carry. Readings of strain, slip, and
deflection were taken after each ten load repetitions. After the 50
cycles of loading, the load was gradually increased to 50 000 lb.,
where 50 cycles of release and reloading were applied, with the same
series of observations as before. After this procedure, the beams were
loaded to failure.
The general results of these tests are included in Tables 2, 3, 4, and
5. The design of beam 15 was identical with that of beam 12, but
direct comparisons must take into account the difference in age and
in the concrete materials used.
The effect of repeated loading on deflections, strains, and end slips
is shown graphically in Fig. 13. The deflections of both beams show
almost no effect of repeated loading at the 20 000-lb. stage, and only
about a 0.1-in. increase as a result of the 50-cycle repetition of the
50 000-lb. load. The final deflections compare well with those of beam
12-A which was loaded continuously to failure.
The end slips show a more pronounced effect of the repetitive
cycles of loading, though it is apparent that, after the 50-cycle repeti-
tion, the beam seemed to have stiffened so as to nullify part of the
slip produced by the repeated loading. The maximum slips were un-
doubtedly increased by the 50 000-lb. cycle of repeated loading. The
slips at maximum load were rather large for beam 15-A; those for
beam 15-B were not unduly large in comparison with those for other
beams loaded continuously to failure.
The strain curves for these two beams show characteristics similar
to the deflection curves. There was little effect of the repetitive cycle
at 20 000-lb. load, and an increase in strain at the 50 000-lb. cycle of
0.0002 to 0.00035.
These studies of repeated loading on two beams are on too small
a scale to be conclusive; however, they indicate that a considerable
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number of repetitions of 20 000 lb., which may be considered as a
working or design load for such beams, will not cause appreciable slips
or other departures from the results found for beams tested rapidly
to failure. This gives added confidence in the results and conclusions
obtained from beams 0-14, and indicates that such members will give
reliable performance under traffic loads.
The results of the repeated load cycle of 50 000 lb. (roughly two
and one-half times the working load) are also reassuring. While a
definite permanent set resulted from this systematic over-loading pro-
cedure, no serious breakdown of the members was produced, and, with
added loads, the beam showed continued satisfactory structural be-
havior. While the test data are limited they show no serious weaken-
ing or reduction in stiffness of the members under this rather severe
application of repeated over-loading.
IV. ANALYSIS OF TEST RESULTS
11. Load-Carrying Capacities of Beams.-A summary of the max-
imum loads carried by the various beams is presented in Table 2. In
comparing these loads, it must be remembered that since the shear
connections were used with different spacings, the maximum beam
loads do not indicate the relative individual effectiveness of the various
units. The spacings chosen were intended to produce approximately
equal horizontal shearing strengths in the beams and, except for
beams 4 and 8, and beam 0 which had no shear units, the maximum
loads are fairly uniform, ranging from 62 000 to 76 000 lb. In beam
4, with triangular plates inclined toward midspan at the top, and
beam 8, which had sloping daps, there are indications that the
concrete tended to lift as shear was developed, and these beams,
though very much stiffer, were only slightly stronger than beam 0,
with no shear units.
A detailed analysis of the effectiveness of the individual shear
units will be given in Section 16.
The average compressive strength of 6 by 12-in. concrete control
cylinders at the age of 28 days was 4300 lb. per sq. in., and those
tested with beams 12-14 at 2% years showed practically the same
average strength. The modulus of elasticity from the 28-day tests was
4 500 000 lb. per sq. in., while that for the cylinders that had stood
in the laboratory for 2% years was only 3 610 000 lb. per sq. in. No
explanation of the low value for the latter group is apparent, except
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that a different lot of materials was used and the beams were made
in different years.
In the consideration of maximum loads, it is of interest that a
solid timber beam, 11% in. wide and 12 in. deep, with a modulus of
rupture of 8 000 lb. per sq. in. would develop a maximum load of
110 400 lb. or nearly 50 per cent more than the better types of com-
posite beams tested. However, the composite members have other
advantages which may in many cases be more important than the
single consideration of ultimate strength.
12. Comparison of Deflections of Test Beams.-In studying the
relative stiffness of the various beams, three lines of attack have been
followed in comparing the measured quantities. First, the initial
slopes of the load-deflection curves have been examined, since these
slopes indicate the initial stiffness of the beams. They reflect not only
the stiffness of the concrete and timber used, but also include any
effect of slipping between the two materials at low loads. Next, the
deflections were compared at a load well beyond design loads and
approaching the ultimate; for this a load of 50 000 lb. was chosen.
The third study was made to investigate the effect of end slips on the
deflections. For this purpose, deflections were computed from the
strains measured at midspan, by use of Maney's equation.* This
equation applies strictly only to beams in which integral action
exists, and neglects shearing detrusions. The differences between these
computed deflections and those measured, at the 50 000-lb. load, are
thus mainly due to the flexibility introduced by slip between the
concrete and timber layers.
Average values of the midspan deflections, end slip and the slope
of the load-deflection curves, represented by the load-deflection ratio,
P/f, are given in Table 3. Values of P/f at the 50 000-lb. load repre-
sent the slope of the chord to the load-deflection curve.
For the 28-day tests, Table 3 shows relatively high initial values
of P/f for beams 2, 3, 4, 5, 6, 7 and 9, ranging from 104 to 113 kips
per in. Beams 0 and 8 had the lowest values, 85 kips per in. At the
50 000-lb. load, the P/f ratios are still relatively high for beams 2, 3,
5 and 6. Beam 0, which had reached maximum resistance at this load,
showed less than one-third of the average value of P/f for the group.
For the 2% year tests, the values are slightly higher than the corre-
sponding 28-day values.
*G. A. Maney, "Relation Between Deformation and Deflection in Reinforced Concrete Beams,"
Proc. A.S.T.M. p. 310, 1914 (see footnote, Table 3 of this bulletin).
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TABLE 3
AVERAGE VALUES OF BEAM DEFLECTIONS, END SLIPS, AND STRAINS
Values at Load of 50 000 lb.
Initial
Slope -
Beam P/f of Maximum Measured
No. Load- P/f Deflection, Computed Average Strain, millionths
Curve, kips per in. . f, End Slip,
kips per in. . in. e, timber conreteft, timber e,, concrete
0 85 28 1.80t .... 0.40t .... ....
1 91 88 0.57 0.39 0.022 1800 1250
2 113 100 0.50 0.38 0.011 1760 1200
3 113 100 0.50 0.39 0.017 1680 1340
4 108 86 0.58 0.37 0.019 1690 1240
5 106 96 0.52 0.39 0.008 1760 1310
6 105 94 0.53 0.37 0.036 1560 1310
7 107 86 0.58 0.42 0.063 1840 1420
8 85 71 0.70 0.40 0.068 1850 1300
9 104 91 0.55 0.40 0.011 1860 1300
10 91 71 0.70 0.46 0.062 2040 1600
11 94 91 0.55 0.33 0.038 1530 1040
121 98 98 0.53 0.38 0.008 1700 1290
13 108 108 0.47 0.36 0.005 1580 1260
14 119 119 0.42 0.36 0.006 1540 1280
15¶ 108 100 0.50 0.40 0.011 1690 1420
*Computed by use of Maney's equation
Deflection, f = 23 (f -) = 127.8 (e, + 0)
tEstimated value. Beam O-B failed at load of 46 650 lb.
IResults from one beam only, 12-A.
¶Before applying 50 repetitions of the 50 000-lb. load.
The measured deflections shown in the fourth column of Table 3
reflect much the same influences as are shown by the P/f ratios. The
beams with an initially high P/f ratio also show the lower deflections
at a 50 000-lb. load. Beam 14, 2% years old, is definitely the stiffest
of the group, while beam 0 was at the point of failure and was deflect-
ing very rapidly at this load.
In considering the deflections of these composite beams, comparison
may be made with the computed deflections of a solid timber beam
of the same overall dimensions, and having a modulus of elasticity
of 2 050 000 lb. per sq. in. For such a beam the deflection is
23PI3
d -- -- 0.45 in., at a load of 50 000 lb. Of the test beams,1296 El
one showed less deflection (beam 14, deflection 0.42 in.) and the aver-
age value for beams 1-5 and 12-15 with triangular plate shear units,
was 0.51 in. Hence, it appears that a number of the composite beams
showed deflections averaging no more than 15 per cent greater than
that of a solid timber beam, despite the lack of perfect integral action.
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The deflections computed on the basis of Maney's equation average
about 70 per cent of the measured deflections at the 50 000-lb. load.
The difference is evidently due mainly to the effect of slip, which
increases with increase in load. As will be discussed later, the end
slips at this relatively high load ranged from 0.005 to 0.068 in. Evi-
dently these relatively small slips, which in a structure in service
might be considered unimportant, result in an increase of about 40
per cent above the elastic deflections of the beams.
13. Comparison of End Slips of Beams.-The sixth column of
Table 3 furnishes a comparison of the average end slips of the various
beams. The beams tested at the age of 2% years are noteworthy in
showing exceedingly small slips between concrete and timber at points
directly above the beam supports. These slips of 0.005 to 0.008 in. are
so small that they would hardly be detected by visual inspection. Of
the beams tested at the age of 28 days, beam 5 with triangular plates
and spikes developed the smallest slips, followed closely by beam 2,
with %-in. triangular plates, and beam 9, with daps and spikes. Beams
1 to 5, all containing triangular plates, show relatively low slips as a
group, with values ranging from 0.008 to 0.022 in.; average, 0.015 in.
All of the other beams except beam 9 showed much larger slips, from
2 to 4 times as great as the average for the triangular plate group. It
appears that the triangular plates were by far the most effective in
maintaining integral action in the beams.
14. Distribution of Strain Across Beam Section.-While the effect
of slip between concrete and timber is reflected in increased deflection,
the best conception of its effect upon structural action is obtained
from a study of the strains measured at midspan. Figures 6 to 13
show the complete load-strain curves for beams 0 to 15. The relation
between slips and changes in strain is readily apparent. It is particu-
larly noticeable that the strains on gage lines 3 and 8, and 4 and 7,
which are near the neutral axis, are much larger in those beams in
which the slips are greatest. Figure 14 shows diagrams plotted from
the data of Figs. 6-11, for one beam each of types 0 to 11. The figure
shows graphically the strains measured at different levels of the beam
section, for various applied loads.
In these diagrams, the junction of the timber and concrete portion
of each beam is indicated. It is of interest also to note the position of
the neutral axis, as computed for a homogeneous beam of equivalent
or transformed section. Using average test values of modulus of
ILLINOIS ENGINEERING EXPERIMENT STATION
TESTS OF COMPOSITE TIMBER AND CONCRETE BEAMS
elasticity of 2 050 000 lb. per sq. in. for timber and 4 500 000 lb. per
sq. in. for concrete, the calculated position of the neutral axis is found
to be 4.85 in. below the top surface of the beam, or about 1/2 in. below
the top surface of the 2 by 8-in. timbers. This position coincides with
the location of gage lines 4 and 7 on the timber, and theoretically there
should be no strain on these gage lines.
A study of Fig. 14 reveals that the nearest approach to the ideal
straight-line stress distribution is found with beam 5. The strains on
gage lines 4 and 7 are zero at all loads, and the linear variation in
strain with distance from the neutral axis is almost perfect. Similar
diagrams for beams 12, 13, and 14 (not shown) are equally good, and
show even smaller strains in the top and bottom fibers. Beams 1, 2, 3,
4, and 9 form a group that comes next in conformity with the theory
for homogeneous beams. These diagrams have a point of similarity in
that they show a small compressive strain on gage lines 4 and 7 on
the timber, and likewise a small compression on gage lines 3 and 8 on
the concrete. The diagrams indicate the presence of two neutral axes
in the beam, evidently due to slip between the two composite parts of
the beam. This departure from ideal theory is small and agrees with
the discussion in Section 13, which showed that beams 1 to 5, 9, and
12 to 14, had small end slips. Beams 6, 7, 8, 10, and 11 form another
group having similar characteristics. One neutral axis is indicated at
or near gage lines 3 and 8; another at a level about 4% in. above the
bottom of the beam. Finally, beam 0, with no shear connections, shows
(even at low loads) the effect of separation of the concrete and timber
layers, and has a well-defined neutral axis near mid-height of each
layer. This stress distribution is similar to one that would exist in
two independent beams placed one above the other, and having equal
deflections. Obviously, the strength and stiffness of such a combina-
tion should be much less than in the composite beam in which the two
materials act integrally, particularly in view of the weakness of con-
crete in tension. This diagram is a striking illustration of the differ-
ent degree of integral action secured in these beams.
Values of the greatest measured strains at the top and bottom of
each beam are given in Table 3. These values are of interest but are
much less informative than the data of Fig. 14.
15. Horizontal Shear Resisted by Shear Connections.-It has been
noted that the computed position of the neutral axis for the beams
tested falls about % in. below the top of the 2 by 8-in. timbers and
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thus lies within the dovetailed junction of the two materials. If the
junction were a single plane, coinciding with the neutral axis, the
shear diagram would be parabolic in form and the maximum shearing
stress would be 1% times the average value. The two planes are so
nearly coincident that an analysis by the usual theory for horizontal
shearing stress distribution still shows the maximum value to be 1.50
times the average, while the stresses at the upper and lower limits of
the concrete-timber junctions are only 1 and 6 per cent, respectively,
less than the maximum. Hence, in interpreting the test results, it
seems sufficiently accurate to compute the stress resisted by the shear
connections as 1% times the average shearing stress on the full rec-
tangular section.
16. Analysis of Effectiveness of Various Shear Connections.-Table
4 shows the average shearing resistance developed by an individual
shear connection of each type, based on the calculated maximum shear-
ing stress on the horizontal area covered by one unit and on the
assumption that there was no bond or adhesive resistance between
timber and concrete surfaces. As indicated in Section 7, this latter
assumption seems fully justified.
The horizontal shear carried by the various connections at the
maximum load does not necessarily indicate their capacity, since most
of the beams apparently failed otherwise than through the shear con-
nections. Reference to Table 2 and to the description of the tests in
Sections 8 and 9 shows that many of the beams failed by tension
(including diagonal splitting) in the timber. Others failed by com-
pression at the top of the concrete section. Some of the beams with
triangular plate connectors failed by horizontal shear in the concrete
just above the shear connectors. Beam 8-B, with sloping daps, failed
by shearing off the concrete projections molded into the timber daps.
In beam 9-B, failure occurred by tension in the timber, combined with
shearing of timber daps and crushing of concrete against daps. Beam
14-B failed in an unusual way by diagonal tension in the concrete
outside the load point. In general, except for the shearing of concrete
above triangular plates, and the failures in beams with daps, beam
failure did not occur in the shear connections. Hence, the loads carried
on the various units are probably considerably less than they would
have been had the beam design been such as to produce failure in the
shear connections themselves.
Considering first the triangular plate units, in beams 1, 2, and 3,
tested at 28 days, there seems to be no consistent difference between
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the shears carried by the 12-gage, /-in. and %-in. plates. In the
corresponding beams 12, 13, and 14, tested when 2%1 years old, which
had one and one-third 60-d. spikes in addition to each shear plate,
there was a slight increase in shearing resistance with increase in plate
thickness, the respective values being 5670, 5750, and 6150 lb. How-
ever, beam 5, with 14-in. plates and spikes, gave a still higher value,
6250 lb., at the 28-day age, so that there is no very definite indication
of an advantage in strength due to the thicker plates.
The average resistance for beams 1, 2, and 3, with plates only, was
5520 lb., that for beams 5, 12, 13, 14, and 15, with 1% spikes in addi-
tion to each plate, was 5900 lb. While the latter group includes three
beams 2% years old, it does not appear that age or shrinkage had
much effect on the shearing resistance of these beams.
Beam 4, made with the triangular plates inclined inward 15 deg.
toward midspan at the top, gave a relatively low resistance, 4180 lb.
This might be due to a tendency to split the timber due to the upward
component of force on the plate. At any rate, this arrangement of
the plates does not appear to be as effective as the vertical position.
Beam 6, with railroad spikes set vertically, developed a shear of
4800 lb. per spike; while beam 7, with the spikes inclined at 45 deg.,
developed 7020 lb. This confirms the conclusion from the preliminary
tests of Section 7 that the inclined spikes should develop a definitely
higher shear than the vertical ones. These beams contained 2 rows of
spikes in the 2-by-8 pieces and 3 rows in the 2-by-6 pieces. The latter
were in the grooves of the laminated beam and probably did not act
to best advantage in either beam 6 or 7. Longer spikes, which would
project further up so as to secure anchorage in the concrete would
probably be more effective.
Beam 8, with sloping daps, developed a shear of 6500 per dap.
Each dap offered a vertical bearing surface 1 in. high and 1% in. wide,
so that a bearing stress of 4000 lb. per sq. in. was evidently produced.
Beam 9, which contained sloping daps and 60-d. spikes, developed a
shear of 7850 lb. per unit of 1 dap and 2 spikes, an increase in shear
of 1350 lb. which might be attributed to the presence of the 2 spikes.
Beam 10, with 6 by %-in. lag screws set vertically, developed a
shear of 4650 lb. per lag screw; while beam 11, with inclined lag
screws 8 in. long, developed 8070 lb. The effect of inclination of the
unit is again apparent, although the increased length of the lag screw
must be considered. In the preliminary tests, Section 7, the inclined
lag screws produced 60 per cent more shear than the vertical ones; in
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beams 6 and 7 the inclined unit shows an advantage of 46 per cent;
and in beams 10 and 11 the advantage is 74 per cent.
The 60-d. spikes used in beams 5, 9, 12, 13, and 14, were intended
principally as a tension tie to prevent separation or uplift of the con-
crete layer from the timber. They evidently performed this function
well, though they were spaced more closely than necessary for this
purpose. It appears, also, that they made a contribution to the shear-
ing resistance (either by dowel action or by improving stress condi-
tions for the steel plates) though the amount of this can be calculated
only indirectly. Comparison of the results from beams 8 and 9 indi-
cates a value of 675 lb. per spike. Comparison of results from beams
12, 13, and 14 with corresponding beams 1, 2, and 3 involves a differ-
ence in the age of the beams, but, neglecting the age effect, the
average value of a single spike is found to be 255 lb. The weighted
average for the five comparisons is 440 lb. for one 60-d. spike,
and this must be considered as a very indirect and approximate
determination.
Another comparison of effectiveness of shear connection may be
made on the basis of the horizontal shear developed per lb. of steel
in the shear connection. This comparison has obvious weaknesses; it
does not permit a fair comparison of the timber daps with other
connections, and it does not include, as an indication of the cost of the
shear unit, the cost of the labor required to install each type of unit.
With these limitations on the value of such data in mind, the values
of horizontal shear per lb. of unit in Table 4 may be examined. It
is very evident that the 12-gage triangular plates show much the
highest values, while the 12-gage plates with spikes are in second
place. The 8 by %-in. lag screws take third place, followed closely
by the ¼-in. plates, without and with spikes. The railroad cut spikes,
set vertically, produced the least shearing resistance per lb. of steel.
17. Analysis of Structural Behavior of Metal Shear Connections.-
Having determined the shear loads carried by the various mechanical
connections in Section 16, it seems desirable to study the stresses set
up around these units. Because of their irregular shapes, any analysis
of this sort must be considered as only an approximation.
The triangular plate units represent the major group of shear con-
nections used. They may be thought of as supported (by their seat-
ing in the timber) on three rather small areas and subjected to a
distributed load on the remaining area. The areas in bearing on wood
and concrete are roughly 1.36 and 4.74 sq. in., respectively; the cor-
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responding average bearing stresses range from 900 to 1200 lb. per
sq. in. on the concrete and from 3000 to 4200 lb. per sq. in. on the
wood, for the beams in which no spikes were used. Deducting a shear
of 585 lb. for 1% spikes used with each plate in beams 5, 12, 13, and
14, the bearing stresses in concrete and wood due to the remaining
shear stay within the above ranges. Admitting that these average
bearing stresses do not represent the maximum bearing stresses de-
veloped by these units, the concrete stresses are very low and the
stresses in the timber (endwise of grain) are doubtless well below the
bearing capacity of the material.
The lag screws, railroad spikes and 60-d. spikes, set vertically,
represent a distinctly different type of shear connection. They are
essentially short dowels. Analyses of the bearing pressures produced
against infinitely long dowels have been made,* but these dowels are
so short that such analyses do not apply to them. The further fact
that the dowels are not cylindrical in shape, and are embedded differ-
ent distances in two materials of varying physical properties further
operates against the application of a careful mathematical analysis.
It seems likely that the pressure exerted by the dowel will be greatest
at the surface of the embedding material and will decrease to zero or
to a negative value as the distance of embedment increases. Thus, the
maximum bearing pressures are probably 2 to 3 times the average
pressure on the dowel, or more, depending upon the length of embed-
ment. With roughly 3-in. embedment, in the case of the lag screws
and railroad spikes used, a maximum pressure assumed at twice the
average seems reasonable; on this basis, concrete bearing stresses of
about 5500 lb. per sq. -in. and timber stresses of 3800 to 4200 lb. per
sq. in. are found in beams 6 and 10.
Lag screws and railroad spikes inclined at 45 deg. to the junction
between timber and concrete evidently act partly as dowels and
partly as tension ties, and the stress distribution around these mem-
bers is undoubtedly complex. As noted before, both the push-out
tests and the beam tests indicated that these inclined members carried
about 60 per cent more load than similar vertical members.
Beams 8 and 9 contained "saw-tooth" daps, which evidently pro-
duced a direct bearing between vertical concrete and timber faces of
about 4000 lb. per sq. in., and horizontal shearing stresses in concrete
and timber at the base of the "saw-tooth" of about 670 and 500 lb.
per sq. in., respectively. Cases were noted in which failure was by
*Friberg, B. F., "Design of Dowels in Transverse Joints of Concrete Pavements," Proc.
A.S.C.E., Vol. 64, No. 9, pp. 1809-1828, November 1938.
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shearing in the concrete, and in one case a shearing failure (parallel
to the grain) was noted in the timber.
This discussion of bearing and shearing stresses, admittedly far
from a precise analysis of the existing stresses, does indicate that for
the shear connections used the localized stresses were not excessive,
and substantiates the conclusion that failures of the composite beams
were generally not due to failure in the shear connections. It is known
that bearing stresses on a small area, well restrained by surrounding
material, may reach a value much higher than the simple compressive
strength of the material.
The small end slips noted in Section 13 are further indication of
the effective action of the shear connections up to failure of the beams,
though it is recognized from the studies in Section 14 that the incom-
pleteness of integral action increases the flexural stress at the extreme
fibers of timber and concrete beyond the values to be expected if full
integral action was secured.
18. Comparison With Data of Other Tests.-It seems desirable to
compare the results of these tests with those of two other groups of
tests that are available. These tests were mentioned in Section 1;
one series conducted at George Washington University and reported
by J. F. Seiler and the other conducted at Oregon State College and
reported by R. H. Baldock and C. B. McCullough. A brief outline of
the tests is necessary to an intelligent appraisal of the results.
George Washington University Tests.-The tests were made on
four composite beams and several "push-out" specimens similar to the
Illinois tests described herein. The push-out tests were made to
determine preliminary values for designing the test beams. In two of
the push-out test pieces, consisting of a concrete core retained by
laminated wood slabs of untreated yellow pine, without metal shear
connections, bond stresses of 16 to 28 lb. per sq. in. were developed
between concrete and timber surfaces. Four other test pieces contain-
ing triangular steel plate shear developers, similar to those of Fig. 1,
developed an average gross shear load of 6880 lb., or an average net
load of 4000 lb., when the estimated bond was deducted from the
gross load.
The four beams of this group were tested on a simple span of 12 ft.,
with a single load at midspan. Beams 1 and 2 were similar in cross-
section to beam No. 1 of Fig. 1, and were made with alternate 2 by 6-
and 2 by 8-in. pieces of untreated yellow pine covered with a slab of
concrete to make the overall depth 10.72 in. The width was 12.25 in.
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TABLE 5
SUMMARY OF ULTIMATE RESISTANCE OF SHEAR CONNECTIONS
Tests at George Washington University, Oregon Highway Department, and University of Illinois
Maximum
Test Type of Connection OShear oati Remarks
lb.
George 1, 2 Triangular plates 7 040
Washington 3, 4 7 040
Univ.
Oregon Highway 1, 2 22 in. pipes, 42 in. long 14 610 2% in. in timber, 2 in.
Dept. in concrete
Series 1 3, 4 4 x 4 x V in. plates 15 230 1 in. in timber, 3 in. in
(Timber Stem, concrete
4 x 14 in.) 5, 6 5 in. dap, 1 in. deep; 3 18 360 Daps across 4 in. width
spikes, Y8 x 8 in. (on unit) of beam
13, 14 % x 8 in. spikes 3 785 5 in. in timber, 3 in. in
concrete
15, 16 5 in. daps, 1 in. deep 14 720 On 10 in. length of
beam
Series 2 7, 8 12 in. pipes, 42 in. long 8 050 2% in. in timber, 2 in.
(Timber Stem, in concrete
6 x 16 in.) 9, 10 % x 8 in. spikes 3 880 5 in. in timber, 3 in. in
concrete
11, 12 5 in. daps, 1 in. deep 20 160 Dap across 6 in. width
of timber
17, 18 10 in. dap, 1 in. deep; 58 140 On 20 in. length of
9 spikes, % x 8 in. (on unit) beam
19, 20 6 x 4 x Y in. plates 23 410 1 in. in timber, 3 in. in
concrete
Univ. of Ill. 1, 2, 3 Triangular plates 5 520 Average of 3 thick-
nesses
4 Triangular plates at 15 deg. 4 180
5, 12, 13, Triangular plates, 60-d. 5 900 On 1 plate and 1%
14, 15 spikes spikes
6 R. R. spikes, vertical 4 800 4 in. in timber,
2Y in. in concrete
7 R. R. spikes, at 45 deg. 7 020 3% in. in timber,
2% in. in concrete
8 Daps, 1 in. deep, 6 in. long 6 500 Dap across 1 % in.
width of timber
9 Daps and 60-d. spikes 7 850 On 1 dap and 2 spikes
10 Lag screws, vertical 4 650 3% in. in timber,
2% in. in concrete
11 Lag screws, at 45 deg. 8 070 42 in. in timber,
3y in. in concrete
*Bond between concrete and timber neglected in computing these values.
The shear developers were triangular, with a base width of 3% in.,
altitude of 3% in., and thickness of %2 in. Beams 3 and 4 were made
entirely of 2 by 6-in. pieces, in which alternate pieces were set 1% in.
below the level of the adjoining pieces. The concrete slab was thick-
ened % in. to make the overall depth 10.72 in. The quality of the
materials used is not given in detail, but the 7-day strength of concrete
control cylinders was 2950 lb. per sq. in. Some results of the tests are
presented in Table 5.
Oregon Tests.-The Oregon test beams were T beams, with a con-
crete flange and solid timber stem, connected by various shear units.
There were two groups; in Series 1 the flanges were 15 in. wide, 6 in.
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deep, the stem 14 in. deep, 4 in. wide; in Series 2 the flanges were 24
in. wide, 6 in. deep, the stem 16 in. deep and 6 in. wide. All beams
were tested on a 15-ft. simple span, with %-point loading. Average
properties of the materials used include: concrete, compressive
strength 3630 lb. per sq. in., initial modulus of elasticity about
3 850 000 lb. per sq. in.; timber, maximum fiber stress 5810 lb. per
sq. in., fiber stress at proportional limit 4340 lb. per sq. in. and initial
modulus of elasticity about 1 750 000 lb. per sq. in.
Shear connections used include the following types: Series 1,
A, % by 8 in. round spikes, B, rectangular daps in timber 1 in. deep,
5 in. long, C, a combination of daps and spikes, D, sections of 2% in.
steel pipe, 4% in. long, set into the timber a distance of 2% in., E, 4
by 4 by %-in. steel plates, driven into slots in timber 1 in. deep;
Series 2, A, B, and C, similar to Series 1, D, sections of 1%-in. pipe,
4% in. long, set in timber a distance of 2% in., E, 6 by 4 by %-in.
steel plates, driven into slots in timber 1 in. deep. Results are given
in Table 5 for comparison with the data of the George Washington
University tests and the tests of this bulletin.
The average shear load per triangular plate from the George Wash-
ington University tests is 7040 lb., as compared to 5520 lb. for beams
1, 2, and 3 of the Illinois series. This difference, however, may be
due largely to the difference in bond in the two cases, since in the
former studies bond between the untreated timber and the concrete in
push-out tests was found to range from 16 to 28 lb. per sq. in., while
in the latter, with finished and creosoted timber, the bond was prac-
tically zero. A bond correction of about 16 lb. per sq. in. applied to
the George Washington University values would bring them down in
agreement with the Illinois values. The effectiveness of bond or fric-
tional resistance at ultimate loads in these beams is indeterminate
and probably not reliable. There is doubtless a well-defined difference
between the bond between the concrete and the untreated timber in
the one case, and the creosoted timber in the other.
In the Oregon tests, with pipe and plate dowels, the results are
similar to those of the Illinois group with lag screws and railroad
spikes, if the rough assumption is made that the bearing pressure
against concrete and timber varies directly from a maximum at the
plane of the junction to zero at the end of the dowel. Thus, a bearing
stress of 4200 to 5000 lb. per sq. in. in concrete and 3500 to 4000 lb.
per sq. in. in the timber is indicated for the pipe dowels, while for the
plate dowels the bearing stress is found to be about 2600 lb. per sq. in.
on the concrete and 7600 to 7800 on the timber. This latter stress on
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the timber is rather high; it is of interest that the beams containing
plate dowels failed by horizontal shear in the timber at the base of the
plates. It would appear that a high localized shear may have been
produced by the prying action of the plate dowels.
The computed bearing stresses produced between timber and con-
crete at the vertical faces of daps in the Oregon tests range from
about 3400 to 3700 lb. per sq. in., as compared with the value of 4000
found in the Illinois tests, when daps alone were used. The combina-
tion of daps and spikes was found effective in reinforcing the timber
against horizontal shear at sections below the junction with the con-
crete flange, and this type of connection is stated to be both effective
and economical in the Oregon report. The pipe dowels are also rated
as very effective in minimizing slip and producing integral action of
the beam, though rather expensive to install.
19. Design Considerations.-In applying the foregoing ultimate
load data to the design of shear connections, consideration must be
given to the behavior of both the concrete and the timber under the
conditions of service, as well as to the possibility of deterioration or
loosening of the metal shear unit in service. The factor of safety to
be applied to the shear unit should be at least as large as that applied
to either the concrete or timber. For use in floors of highway bridges,
subject to ordinary vehicular traffic, so detailed that the timber por-
tion of the floor is well protected from the weather, a factor of safety
of 3.5 to 4 would seem advisable. Such a factor, for the materials
used in these tests, apparently will not produce undue bearing
stresses in timber or concrete, and the horizontal shearing stresses
will be well within the current allowable values.
Considering the triangular plate shear units, which are the type
most widely used in current practice, the average shear load for
beams 1, 2, and 3 is 5520 lb., while that for beams 5, 12, 13, 14, and
15, with spikes used in addition, is 5900 lb. In the usual practice in
bridge construction, spikes are used at intervals to prevent uplift, but
it is probably best to disregard them as shear units. A working stress
of 1500 lb. per plate gives a factor of safety of about 3.7 for beams
1, 2, and 3 and this appears to be a reasonable design value, when
materials of the quality used in these tests are employed. The use of
the uplift spikes is undoubtedly very important, since the triangular
plates would tend to loosen and develop play if any vertical motion
occurred between the concrete and wood layers.
In a similar way, application of a factor of safety of about 3.75
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to the other test results of Table 4 gives allowable shear loads per
connection as follows: 6% by %-in. cut railroad spikes, set vertically,
1280 lb.; inclined at 45 deg., 1875 lb.; 6 by %-in. lag screws, vertical,
1240 lb.; 8 by %-in. lag screws, inclined at 45 deg., 2150 lb.; daps,
1070 lb. per sq. in. of vertical bearing surface. The lag screws and
railroad spikes will also act to prevent uplift, but with the daps it is
desirable to use uplift spikes at rather close intervals, both to prevent
uplift and to reinforce the dapped sections of the timber against hori-
zontal shear below the level of the junction of the concrete and timber.
The tests were made only on simple beams and so far the discus-
sion has been confined to this application. It is obvious that this type
of construction can be applied to continuous beams and slabs, how-
ever, without difficulty. When such members are subject to negative
moment the timber will be in compression and the concrete slab will
be in tension. The obvious solution is to reinforce the concrete with
steel, using the general principles applying to reinforced concrete, and
to stagger the splices in the laminated timber construction, using care
in butting the ends of adjacent pieces so that an effective section
of the timber will be produced in regions of high flexural compression.
In long bridges, it may be necessary to introduce a discontinuity at
the supports at intervals to provide expansion joints in the concrete.
In the spans adjacent to these supports, the increased positive moment
may be provided for by increased slab depth, or it may be avoided
by a slight change in the span.
20. Bending Moments in Continuous Beams.-The analysis of
bending moments in continuous composite beams may be made by
ordinary methods of structural analysis. The portions of a composite
beam subject to negative moment will usually have a different stiff-
ness factor, EI, from that in the section under positive moment. If
the cross-section is reduced to an equivalent or transformed section of
timber, for example, there will still remain a difference in the respec-
tive values of the moment of inertia, I.
Equations for the critical bending moments in "fixed end" beams,
and beams with one end fixed and one freely supported, both subjected
to uniform and concentrated load, have been determined by use of the
moment-area method, and are given in Fig. 15. In this study it has
been assumed that the moment of inertia of the beam section has a
constant value, IA, in the region of negative moment, and another
value, Io, in the region of positive moment. The distance from the left
support to the point of inflection is expressed as a fraction, k, of the
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FIG. 15. MOMENTS IN CONTINUOUS BEAMS WITH VARIABLE MOMENTS OF INERTIA
span 1. Obviously, the magnitude of k depends upon the value of o/I,1
as well as upon the conditions of loading and restraint. All of the
equations of Fig. 15 were thus rationally derived except Equation (4);
the latter is an empirical equation, similar in form to Equation (1),
and approximately equivalent to Equations (3) and (5) combined.
Equation (4) may be used without appreciable error in determining
moments when the ratio Io/I0 lies between 0.2 and 15.0.
In using the equations for Cases II, III, and IV, the direct deter-
mination of k requires the solution of rather complex expressions
involving k and Io/Ii. The simplest treatment is to insert a series of
values of k in Equations (5), (7), or (9) and to solve for the corres-
ponding values of Io/I1. Curves showing the relation between kc and
Io/II, may then be plotted, as has been done in Fig. 16. With these
llllftK
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FIG. 16. DIAGRAM OF MOMENTS AND DISTANCES TO POINTS OF
INFLECTION IN CONTINUOUS BEAMS
values of k known, values of the moment M1 are easily found from the
equations of Fig. 15. Figure 16 contains curves showing the relation
between M 1 and Io/II for the four cases of loading and restraint
studied. With the negative moments known, it is easy to find other
moments and shears from the laws of statics. It is evident that in
designing members of this sort a preliminary beam section must be
assumed and investigated to determine moments; after this is done,
the section may be redesigned if necessary.
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The "fixed end" beam closely represents an interior span of a con-
tinuous beam having several equal spans. The beam with one end
fixed and one end free represents one span of a continuous beam of
two equal spans. For cases of partial continuity the curves do not
apply directly. If the moment distribution method of analysis were
to be applied to such cases, values of the carry-over and distribution
factors would have to be found and undoubtedly would be very com-
plicated; however, the fixed end moments given here should aid the
judgment of the designer very considerably in arriving at a reasonable
distribution of unbalanced moments at each support. If the value of
lo/I1 is fairly close to 1.0, there will probably not be a great error
involved in the use of the usual carry-over factors for beams of con-
stant moment of inertia. At any rate, a study of the curves of Fig.
16 should enable the experienced designer to make an intelligent
allowance for the variations in stiffness inherent in the composite
type of beam.
V. CONCLUSION
21. Conclusions.-The principal conclusions from this study may
be summarized as follows:
(1) The composite timber-concrete beams included in these tests
exhibited, in most cases, fairly satisfactory structural action. The
degree of integral action secured with various types of shear connec-
tions, while not perfect, was sufficiently good to encourage the use of
this kind of member. In view of the small amount of steel required,
the possibility of using small-dimensioned timber and the advantages
of a top surface of concrete to resist wear and to give substantial
weather and fire protection to the timber, the use of composite con-
struction for heavy duty floors for bridges, piers, and similar struc-
tures seems especially logical at this time.
(2) Of the shear connections studied, the triangular plate units,
combined with wire spikes, appeared to be the most satisfactory in
producing integral beam action, small slips, and high strength and
stiffness. The 12-gage plates were by far the most economical of the
plates tested, and were evidently thick enough to give the necessary
structural strength. This type of unit is not difficult to install in
practical construction; however, it should always be used in combina-
tion with "uplift" spikes, or their equivalent, because of the inability
of the plates alone to tie the two elements of the composite member
together.
(3) Of the other shear units used the railroad spikes, lag screws,
and timber daps with spikes produced fairly good results, though slip
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between timber and concrete was appreciable, and there was consider-
able departure from integral action of the beam. Timber daps alone
gave rather poor results, and failure occurred in some cases in the
shear connection.
(4) The stiffness of the better types of composite beams tested was
slightly less than that computed for a solid timber beam of the same
dimensions and quality of material; the ultimate strength was con-
siderably less, but this feature is probably offset by some of the
advantages of the composite structure.
(5) The variation in volume change (shrinkage or expansion) of
the two materials of the composite beam, measured in these tests over
a 2% year period, apparently had little or no effect upon the strength
of the beams, as compared with beams tested 28 days after fabrica-
tion. There was no indication of separation of the two elements of the
beams, and the stiffness and integral action were, if anything, slightly
superior for the beams 2% years old.
(6) The repeated load tests on the beams of type 15 furnish a
limited amount of data indicating that under a considerable number
of repetitions of a design or working load no appreciable permanent
deformation will occur to interfere with the normal structural be-
havior of the members. With repeated application of a much higher
load (roughly two and one-half times the working load), definite
permanent sets were developed, but even these did not produce any
serious weakening of the member, nor did they interfere with the
satisfactory structural behavior of the beam when rapid loading to
failure was resumed.
(7) From these tests, allowable values for various types of shear
connections have been determined, and are believed to be suitable for
safe, conservative design of composite beams and slabs. Especially
with treated timber, it seems necessary to neglect any bond or
adhesive resistance between the timber and concrete, but to design
the shear connection to carry the full maximum horizontal shear.
(8) The test beams apparently were well proportioned to utilize
the potential strength of both the concrete and the timber used, since
in many beams it seemed to be a matter of chance whether initial
failure occurred by compression in the concrete or by tension in
the timber.
(9) While the test beams were tested as simple spans, the type of
construction seems easily applicable to continuous spans. Methods of
calculation of moments in continuous members are included herein to
facilitate design procedure.
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Highway Engineering, Held at the University of Illinois, March 5-7, 1941. 1941.
Fifty cents.
Bulletin No. 334. The Effect of Range of Stress on the Fatigue Strength of
Metals, by James 0. Smith. 1942. Fifty-five cents.
Bulletin No. 335. A Photoelastic Study of Stresses in Gear Tooth Fillets, by
Thomas J. Dolan and Edward L. Broghamer. 1942. Forty-five cents.
Circular No. 438. Papers Presented at the Sixth Short Course in Coal Utiliza-
tion, Held at the University of Illinois, May 21-23, 1941. 1942. Fifty cents.
Circular No. 44. Combustion Efficiencies as Related to Performance of Domestic
Heating Plants, by Alonzo P. Kratz, Seichi Konzo, and Daniel W. Thomson. 1942.
Forty cents.
Bulletin No. 336. Moments in I-Beam Bridges, by Nathan M. Newmark and
Chester P. Siess. 1942. One dollar.
*Bulletin No. 337. Tests of Riveted and Welded Joints in Low-Alloy Structural
Steels, by Wilbur M. Wilson, Walter H. Bruckner, and Thomas H. McCrackin.
1942. Eighty cents.
*Bulletin No. 338. Influence Charts for Computation of Stresses in Elastic
Foundations, by Nathan M. Newmark. 1942. Thirty-five cents.
*Bulletin No. 339. Properties and Applications of Phase-Shifted Rectified Sine
Waves, by J. Tykocinski Tykociner and Louis R. Bloom. 1942. Sixty cents.
*Bulletin No. 340. Loss of Head in Flow of Fluids Through Various Types of
One-and-one-half-inch Valves, by Wallace M. Lansford. 1942. Forty cents.
*Bulletin No. 341. Effect of Cold Drawing on Mechanical Properties of Welded
Steel Tubing, by Winston E. Black. 1942. Forty cents.
*Circular No. 45. Simplified Procedure for Selecting Capacities of Duct Systems
for Gravity Warm-Air Heating Plants, by Alonzo P. Kratz and Seichi Konzo. 1942.
Fifty-five cents.
*Circular No. 46. Hand-Firing of Bituminous Coal in the Home, by Alonzo P.
Kratz, Julian R. Fellows, and John C. Miles. 1942. Twenty-five cents.
*Circular No. 47. Save Fuel for Victory. 1942. Twenty-five cents.
Reprint No. 22. Eighth Progress Report of the Joint Investigation of Fissures
in Railroad Rails, by Herbert F. Moore. 1942. Fifteen cents.
Reprint No. 23. Numerical Procedure for Computing Deflections, Moments,
and Buckling Loads, by Nathan M. Newmark. 1942. None available.
*Bulletin No. 342. Pressure Losses in Registers and Stackheads in Forced Warm-
Air Heating, by Alonzo P. Kratz and Seichi Konzo. 1942. Sixty-five cents.
*Bulletin No. 343. Tests of Composite Timber and Concrete Beams, by Frank E.
Richart and Clarence B. Williams, Jr. 1943. Seventy cents.
*A limited number of copies of bulletins starred are available for free distribution.


UNIVERSITY OF ILLINOIS
Colleges and Schools at Urbana
COLLEGE OF LIBERAL ARTS AND SCIENCES.-Curriculum in the General Division; general
curriculum with majors in the humanities and sciences; specialized curricula in
chemistry and chemical engineering; general courses preparatory to the study of
law and journalism; pre-professional training in medicine and dentistry.
COLLEGE OF COMMERCE AND BUSINESS ADMINISTRATION.-Fields of concentration in
accountancy, banking and finance, commerce and law, commercial teaching, eco-
nomics, industrial administration, management, marketing, and public affairs.
COLLEGE OF ENGINEERING.-Curricula in agricultural engineering, ceramics, ceramic en-
gineering, chemical engineering, civil engineering, electrical engineering, engineer-
ing physics, general engineering, mechanical engineering, metallurgical engineering,
mining engineering, and public health engineering.
COLLEGE OF AGRICULTURE.-Curricula in agriculture, dairy technology, floriculture, home
economics, and vocational agriculture; pre-professional training in forestry.
COLLEGE OF EDUCATION.-Curricula in education, agricultural education, home econom-
ics education, and industrial education. The University High School is the practice
school of the College of Education.
COLLEGE OF FINE AND APPLIED ARTs.-Curricula in architecture, art, landscape architec-
ture, music, and music education.
COLLEGE OF LAw.-Professional curricula in law.
SCHOOL OF JOURNALISM.-Editorial, advertising, and publishing curricula.
SCHOOL OF PHYSICAL EDUCATION.-Curricula in physical education for men and for
women.
LIBRARY SCHOOL.-Curriculum in library science.
GRADUATE SCHOOL.-Advanced study and research.
Summer Term.-Courses for undergraduate and graduate students.
University Extension Division.-Courses taught by correspondence, extramural courses,
science aids service, speech aids service, and visual aids service.
Colleges in Chicago
COLLEGE OF DENTISTRY.-Professional curriculum in dentistry.
COLLEGE OF MEDICINE.-Professional curriculum in medicine.
COLLEGE OF PHARMACY.-Professional curriculum in pharmacy.
University Experiment Stations, and Research and
Service Organizations at Urbana
AGRICULTURAL EXPERIMENT STATION BUREAU OF COMMUNITY PLANNING
ENGINEERING EXPERIMENT STATION BUREAU OF EDUCATIONAL RESEARCH
EXTENSION SERVICE IN AGRICULTURE BUREAU OF INSTITUTIONAL RESEARCH
AND HOME ECONOMICS PERSONNEL BUREAU
BUREAU oF ECONOMIC AND RADIO STATION (W I L L)
BusINESS RESEARCH UNIVERSITY OF ILLINOIS PRESS
State Scientific Surveys and Other Divisions at Urbana
STATE GEOLOGICAL SURVEY STATE DIAGNOSTIC LABORATORY (for
STATE NATURAL HISTORY SURVEY Animal Pathology)
STATE WATER SURVEY U. S. SOYBEAN PRODUCTS LABORATORY
For general catalog of the University, special circulars, and other information, address
THE REGISTRAR, UNIVERSITY OF ILLINOIS
U rBANA, ILLINOIS

